THE-studies of the toxic effects of fluoride on the human system have evoked a very lively interest throughout the world because the public health programmes of fluoridation for the prevention of dental caries have always considered the risk of a remote cumulative intoxication. However, the indices of early intoxication are very poorly de- fined. The affinity of fluoride for the bones is acknowledged by everybody, but there is no universal agreement on its effects on other systems of the body-particularly when it has been spread over a number of years.
We have had a unique opportunity of studying the toxic potentialities of this ion because there exists an extensive belt of 'endemic fluorosis' in the southern parts of Punjab (India) mainly affecting the rural population. As already reported, people in these villages get their drinking water supply mostly from wells in which the fluorine content is high (varying from 2.5 to I4 parts per million-Singh, Jolly and Bansal, I96I; Singh and Jolly, I96I). The soil of this area is sandy and the temperature goes pretty high in the summer.
The skeletal and neurological features of endemic fluorosis have already been described (Singh, Jolly and Bansal, I96I; Singh and Jolly, I96I; Singh, Dass, Hayreh and Jolly, I96I) .
The bones, due to heavy and irregular fluoride deposition, become grotesque and markedly irregular in their contours (Figs. i and 2). The * The biochemical investigations pertaining to this work were entirely carried out by Mr. Mathur. sites of muscular and tendinous insertions are rendered abnormally prominent by excessive periosteal reaction with development of multiple exostoses which can be clinically palpated in many cases. The greatest changes are observed in the spine, particularly in the cervical region. The vertebrx show altered proportions and measurements in all planes, but the striking abnormality is the gross reduction of the anteroposterior diameter of the spinal canal and intervertebral foramina accounting for the neurological features of a radiculo-myelopathy. In one of our cases it was reduced to 3 mm. at the level of the third and fourth cervical vertebra (Fig. 3) . It is evident that with this degree of narrowing compression of the cord is inevitable.
The radiological features of fluorosis are characteristic and diagnostic (M0ller and Gudjonsson, I932) . Sclerosis of bones is observed throughout the skeleton, with calcification of ligaments and muscular attachments.
The most pronounced changes are seen in the vertebral column with marked osteosclerosis and irregular osteophyte formation resulting in beaklike lipping and a chalky-white ground-glass appearance (Fig. 4) .
The osteosclerosis and irregular calcification is evident in all the other bones of the body, particularly along the attachment of muscles and tendons in the limb bones, in the interosseous membranes and around the joint capsules (Fig. 5 ).
It is proposed in this paper to record some of our observations on dental fluorosis and also the systemic effects of fluorine intoxication. Methods and Material For this purpose we selected Papra, a village in the Sangrur district of Punjab, where the level of fluorine in drinking water was appreciably high (varying from 9.I to io.6 p.p.m.). This village has a total population of 667 individuals living in I12 houses. An effort was made to examine all the residents who -were available at the time of survey. The study comprised of complete dental an individual were to move to an endemic locality after the period of development of the enamel of his teeth, there will be no mottling. Thus mottling of dental enamel has become one of the first and earliest visible signs of chronic fluorine intoxication; it is usually regarded as a sensitive diagnostic criterion and has been accepted as an index of fluorosis (Day, I940; Dean, I936 and I943; McKay, I 9I 6).
In our recent paper (Singh and others, ig6ib) on skeletal fluorosis and its neurological complications, it was observed that in 25% of the 46 cases showing obvious skeletal signs of serious fluoride intoxication, there was no evidence of dental mottling even though the fluorine content ofi the-drinking water-was as much-as-I4 p.p.m.
In view of this report, Holman (i96i) questioned the accuracy of 'mottled enamel' as an index of endemic fluorosis.
To evaluate the exact incidence of dental fluorosis and its relation to skeletal fluorosis a careful field survey of the human population was carried out in the above village where the fluorine content of the drinking water ranges from 9.I2 to io.68 p.p.m.
Results of the Present Survey
A total of 302 individuals was examined, out of which I5 were edentulous and are not included in the subsequent analysis. Of the remaining 287 persons, 170 were males and II7 females of different age-groups, as shown in Table i . The population was grouped into residents (257) and non-residents (30), and into those having a deciduous (49) or permanent (238) dentition. By residents we mean those persons who were born and brought up in the endemic area. Non-residents were those who either migrated as refugees or as brides into the village after the age of 14 or IS years. Deciduous dentition age ranged from o-5 years and permanent dentition 6 years and above.
The dental changes were grouped into three grades, and in order to standardize our study we followed the same grades as described by Siddiqui (1955): Grade I: White opacities or patches on the enamel; very faint yellow line across the enamel. Grade II: A distinct brown stain. Grade III: Besides the well-established brown line, considerable pitting all over the enamel sometimes with chipped-off edges. The population was examined with the mouth mirror and probe in the daylight.
Incidence of Mottled Enamel in Children
Forty-eight children (I7.I% of the total population) in the age-group of 0-5 years were examined. They were all residents of the village. Out of these, 40 (8i.6%) showed mottled enamel, whereas the remaining 9 (i8.4%) had none. Out, of the 40 positive cases, 80% were in grade -I 2 5% in grade II, and I7.5% in grade III dental fluorosis.
Incidence of Mottled Enamel in Adults
The permanent dentition group, i.e. aged 6 and above, consisted of 238 persons, out of which 30 were non-residents. Among 2o8 residents, 204 (98.I%) were suffering from mottled enamel and only 4 (44..%) were free from dental fluorosis.
The mottling was most evident on the labial surface of the upper and anterior teeth-Out of these 204 adults I9.2% were in grade I, z6.S% Table I . Table z ).
Incidence of Caries
It has been observed that mottled teeth are more resistant to caries than normal teeth (Armstrong and Brekhus, I938). From our investigation we found that out of 287 individuals surveyed, only 4 had caries (I.4% of the total population investigated). Dental Roentgenographic Changes During our study we came across the autopsy material of a proved fluorotic case (Singh and others, I962) . The teeth showed generalized fluorosis grade II. On gross examination the most striking change was observed in the root portion of every tooth. The root surfaces were irregular and rough and revealed heavy deposits of calcified masses in the form of excessive amounts of fluorine osteocementum at the apical region of the teeth (see Fig. 6 any similar published report in the dental literature on fluorosis (Stones, 1957; Thoma and Goldman, I960). Therefore, it was decided that in the present survey we should X-ray the teeth also along with other parts of the skeleton for evidence of endemic fluorosis. The plan was to radiograph the anterior upper and lower incisors and the left and right lower molars because it was easy to angulate these areas with the portable field X-ray apparatus. For dental X-ray we used the dental cone. On a voluntary basis 86 persons submitted thenmselves for the dental X-ray.
As seen roentgenographically the following three features were noted, namely, osteosclerosis, cementosis, and periapical root resorption (Figs.  7 and 8) .
In a typical case abnormally dense bone was noted. There was a gradual resorption of the root-apex and often the root appeared evenly resorbed, resembling in appearance post-operative apicectomy, though sometimes the resorption was irregular. Also it indicates that new bone had been deposited in the area previously occupied by the root and this was lined by a cortical layer adjoining the periodontal membrane.
Hypercementosis or cementum hyperplasia was evident on careful examination.
Out of 86 persons whose teeth were X-rayed, 68 showed osteosclerosis of the jaw bone, 41 (Harrison, I957) were applied to these samples and also proved to be negative. A detailed study of the urine was also made for the excretion of total nitrogen, amino-acid nitrogen, and for tyrosine and its metabolites. For this purpose 34 cases of fluorosis selected at random from our present series were examined. An increased excretion of amino acids was found in all the cases. The detailed results are tabulated in Table 3 . Discussion Dental roentgenographic investigation features two important findings, root resorption and hypercementosis. A partial review of the litera- ture reveals no mention of the above findings in dental fluorosis (Stafne, 1959; Stones, 1957;  Thoma and Goldman, I960).
Resorption of the roots of teeth most often occurs as a result of local factors, although it may also be caused by general systemic disease. The most common local factors are trauma and pressure. Resorption that results from traumatic occlusion or from orthodontic appliances is not uncommon and is generally recognized. However, Stafne (1959) pointed out that resorption also occurs as a result of pressure exerted by impacted teeth, tumours and osteosclerosis.
As far as hypercementosis is concerned, our observation is further confirmed by recent studies by Yoon, Brudevoid, Smith, Gardner and Soni (I960). It has been shown that deposition of fluorine varies, not only in different skeleton components but in different regions of the individual bones (Gardner, Smith, Hodge, Brudevoid and Eldredge, I959, Wallace, I954; Zipkin, McClure and Leone, 1958) . In view of these findings Yoon and his group (I960) studied the deposition of fluorine in different parts of alveolar bone and of the teeth. They have reported that the most notable finding in their study was the greater concentration of fluorine in the cementum than in the lamina dura and the other portions of the alveolar bone. Usually teeth so affected are asymptomatic, retain their vitality and are rarely lost as a result of the resorption. In our study no subjective symptoms were revealed in the population investigated.
Paget's disease or osteitis deformans also gives the same roentgenographic appearance as recorded in endemic dental fluorosis. As seen roentgenographically, Paget's disease shows a ground-glass appearance, evidence of resorption of the roots of the teeth and deposition of excess of cementum on the roots of the teeth.
Differential diagnosis can be established only if we examine carefully the presence of periodontal membrane and the lamina dura. The lamina dura and periodontal membrane is present in endemic dental fluorosis and absent in Paget's disease.
It will further be observed that out of 107 people X-rayed, 93 showed evidence of skeletal fluorosis in this small village. Out of these there were four who, though residents of the place since birth, had skeletal involvement but did not have any dental mottling on most careful examination. There were i 5 more cases with radiologically positive skeletal fluorosis but no dental mottling. These were, however, non-residents, having migrated to the village after the age of 14 years. This should provide some answer to the controversy started by Holman (I96I) regarding the sensitivity of dental mottling as an index of fluoride intoxication in an endemic area.
In this connection there is another observation made by us that all the skeletal fluorosis cases, including i9 with no dental mottling, showed on dental X-ray, osteosclerosis, root resorption and hypercementosis. We feel that X-ray of the teeth and jaws gives an even more sensitive index of fluorosis than mere mottling of the enamel.
Sporadic reports of systemic manifestations other than skeletal and dental changes in fluorine intoxicants have been published from time to time.
Symptoms relating to general nutrition, anamia, thyroid, skin, neuromuscular, cardiac, respiratory, gastro-intestinal and urinary systems have been reported by different workers (Waldbott, I955, 1956 , 1957 Takamori and others, I956; Siddiqui, 1955; Silva, Chapedi and Pedace, 1940; Rao, 1955; Raffaele, 1944) .
The strong affinity of fluorine for calcium is believed to interfere with calcium metabolism. Its affinity for other metals, especially magnesium and manganese, has been accounted for by its interference with certain enzymes.
In our series, however, we failed to come across any such visceral or systemic manifestation except the change in the colour of the urine on standing. This has also been reported by Pandit and Rao (1940) in experimental fluorosis in monkeys. They suggested that this may be due to the excretion of homogentisic acid and metabolites of tyrosine. Our studies, however, show that the chemical present in the urine which is responsible for the change of colour is not homogentisic acid but some other metabolite of tyrosine as indicated by the increase in 24 hours' urinary excretion of tyrosine derivatives. Further, our observations of increased excretion of total amino-acids in the urine in fluorosis cases also indicates that fluorides are probably excreted in organic molecular form in combination with amino-acids. We are carrying out further work on experimental animals to confirm our preliminary observations. It is also possible that the absence of visceral toxic effects in endemic fluorosis may be due to this mechanism of excretion. Damage to the kidney and other organs in experimental fluorosis is well known. The absence of such manifestation in endemic fluorosis may be due to the gradual detoxication and excretion of fluorides by the conversion into this organic molecular form in combination with -amino-acids. Our observations that skeletal fluorosis is more common among the poor in the rendemic area may also be thus explained because of the lesser amount of amino-acids available for excretion in poor and under-nourished people. It is also possible that the pigment in mottled teeth may be of the same nature as that excreted in the urine, viz. some metabolite of tyrosine. This, however, needs confirmation.
Finally it will be interesting to point out the preventive measures that are being adopted in the endemic area. In the village of Papra, to which the present report relates, deep drilling at one place at a depth of 250 feet has yielded water containing only i p.p.m. of fluorine, as compared to about 9-IO p.p.m. in ten superficial wells, which were so far the source of drinking water. In the other villages, canal water after due purification is being utilized because its fluorine content has been found to be only 0-5 p.p.m.
Summary
A careful survey of an isolated community in an endemic fluorosis area has been carried out specially to evaluate the relative incidence of dental fluorosis compared to skeletal fluorosis with the following observations:-(i) Dental mottling, although a very sensitive index, may be absent in a small number of skeletal-positive cases.
(2) Some useful radiological features of dental fluorosis have been revealed. (4) ' The absence of any other manifestation of toxic systemic effects is stressed.
